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11 ABSTRACT

A prefabricated portable frame structure to be used as a
portable air cargo terminal is described aodeval u.at. "he stm'-
Lure can be transported by air to remote locations and erected with-
out the use of heavy construction equipment. This report deals only
with erection instructions and preliminary evaluation of the struc-
ture and covering.
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Ii ~SUMMUARY

The objective of tbis project is to ecvetop a temporary air
cargo terminal which may be transported by air to a remote loca-

tion and erected by waskilted labor without the use of heavy con-
struction equipment.,i

FINDINGS

A prefabricazrd structure. 620 wide and 16' high at the
ridge and which can be built in 8' modules to any desired iength,

has been tested and evaluated together with a canvas cover and end

sections. The enl sections are constructed of kraft honeycomb and

are faced with plywood.

The frame structure as designed Is acceptable with indicated
minor miodifications pendL8g an opzrational evaluation at a Naval Air

Cargo Depot designated by the Bureku of Suppticr ,ni, Accounts.

The canvts covor has beot- mrodified in order to make it ac-
cepta.ble. The erd secti•ns, as designed, are too heavy and cumber-

some for efficient handling for air cargo.

R ECOMMENDATIONS

It is recommended that:

1. New end sections be desiga*d

2. An operational evaluatios be usade at some Naval
Air Cargo Depot.

3. Alternative methods of covering be evaluated.

4, Alternate means of inualating tM structure be

tested.

!V
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11 TEMPORARY AIR CARGO TERMINAL

INTRODUCTION

The concept of tactical mi=•ia supsport is io=satanty bdqi
re-evaluated due to techuological advances. Increasing demands
for air cargo transportation have created new problems in logistics
and air cargo terminal facilitiet.

The nature of air cargo packaging is such that it affords
limited protection similar to that afforded packages shipped domes-
tically and, as such, it is assumed that they will not be exposed to
the rigors of exposure and rough handling. It follows, therefore.
that whet, a packAge arrives at an advance hase or jungle airstrip.
it must be protected from the elements until it is coneumted or trans-
shipped.

The portable shelters in use today are adequate for limited
storage of small containers. These shelters, howpver, are too
small for efficient staging of 'eI route" shipments. In addition.

the designs do act lend themselves to the use of mobile equipment
such as fork trucks, traitors, e4c. A large shelter tiat is easily
constructeL ýA has a large cubic capacity is needed for & staginj
area in which cargo ta received and prepared for transshiiment,

This shelter moat. of acirccsity, 4e equipped to store a large per-
centage of the container* likely to be shipped by air. It must be
adequate for placement of pallet racks and various types of coa-
veytors. with sufficient aisle space and overhead for maneuvering

materials handling equipment.

Such a shelter may. of necessity, be required to be trans-
ported by air to rermote locations. In many cases skilled labor and
heavy construction equipment,. such as cranes, may not be avail-
able for erectiou. The structure, prior to assembly. rirust fit within
a cargo air frasme and should be light enough to be economically
transported.

An arctic maintenance hangar for Army liaison aircraft wasf Idesigned by the Army Quartermaster Corps and engineered by the

Forest Products Laboratory, Madison, Wisconsin. and Gamble
B7os.. Inc., Louisville. Kentucky. under a research contract with

1i



(I

Medincul Product or-anvfl Reoenrcb and Development Divi:ion
Office of the Quarzermsrter Gen.eral, and Textile Products Division,
Quartermaster Research and Developrnent Laboratories, Jefferson-
Ville. Lndiaja.

A modification of tm absove hangar was procured by the U. S.
Naval Supply ee*eare* and Development Fraciligy. Bajfoa,. Lea avam.
uation as a temporary Air Cargo Terminal.

Engineers from the Naval Supply Research and Development
Facility visited Gamble Bros., Inc. to inspect a similar structure
in use at. a warehouse. The frame struicture contracted for by the
Navl Supply Re.,earch and Development Facility was then erected
on Gamble Brof.. property usit unskilled lab-r from the Naval Ord-
nance Plant. Liuisville, Kentucky. and a :njall mobile crane in
ordcr to familitrize Naval Supply Research and Develpment' Facility
engineers with construction and erection problems and procedure.
The structure was then dismantled and shipped to Basyonne where it
was again erected. No cranes were used at Bayonne to assist erec-
tion. Time studies were taken concurrently with construction and

dismmantlinU at both sites.

At Bayonne, the canvas cover and the end sections were fit-
ted and eval"ted. The need for changes in design wae apparent
during tbA h'arricanes in the f^il season. The cover and end sictions
have been altered to make them serviceable.

Au operatioaal evaluation will be made at a Naval air cargo
transshipment point is the near future. After operational tests, a
inal destgn will be made incorporating any features that were found

necesbary and desirable.

DE•CRrPTION OF PROCEDURE8 FOLLOWED

The structure was assembled and isassembled twice in
order t4, ascertain the most efficient method of erection and to dis-

7 close any inadequacies La-design.

Some of the more important deficiencies were corrected
at the Naval Supply Research and Development Facility In order
to render the structure usable. Additional drawings ef the red*.
sineod cover wkichb coorm to the required design are included.

Li



The end ettows, bave bees allered in. order to make thein
operable. These alterationb still leave much to be desired; how-
ever. no radical changes hove been made as it would involve addi-

: tional dlay and expense. Recommended changes have been incorw

* poraeAd ba the text of the report.

LABOR TIMJ

Actual erection time of the structure at Louisville. Kentucky,
using Naval Supply Research and Development and Naval Ordnance

Depot personnel* under ideal weather conditions, was one hundred

eighty-six (186) man hours.

A mobile crane was used to assist in -aisig the b ayse Tbo
only equipment other than hand toolls consisted of stepladders of

varying heights. Personnel erecting the structure at Louisville ba
no prior knowledge of the structure. Blueprints were available bnL
there were no erection instructions. Some advice of a disinterested
nature was received from Gamble Bros. personnel daring intarmit-
tent visit* to the building site. The canvas covering *as not avail,
able at the time of this erection. The structure was dismandted and
sent to Bayonne for further time study and evrhuation.

Actual dismantllng time for tht structure &C Ln~Asville wzs
forty-nine (49) man hours. A mobite crane wats v.tUised in this oppr-
ationa as& the crane operator's time Ir, L•tiuded in U dine otea.

Erection of the structure at Bayonne. utilizing special Jacks
und ladders, was two hundred thirty-two (Z32) man hours. No
crane or other mobile equipment was used. Weather conditions

were poor. The structure was erected on a field covered with snow
and ice. Sand and rock salt were used to keep the area safe foar per-

' t •sonnet. The cold weather lowered the normal efficiency of the rig-
zero*

At Bayonne, the laLor crew erecting the structure received

over-all supervision from the project engineers. After the first
bay was erected the labov crew continued alone except for inter-
mitteat inspections.

A fair evaluation oa the tisme involved to cover the structure

"has noe been made. $even hundred (700) man hears were required

Now
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to install the end sections and the inner and outer blarikets. Many
chniges were soceseatry to na." the cowv.ring acceptable and vax-
ious n.etbodas u fitting the covering were tese"d ln ore;r to find
t(e easiest and fastest mnthod. The end sections required cousid-
erable modification before fitting the structure.

2 is estimated that fitting t•he *=erior bLanket would re-
gAre t*e labor a for 4) mae. for amc d.ay. A estimate 44-ijag
the interior blanket depends upon the equipment availabte at the
building site. Moost of the work will have to be performed on a
fork truck equipped with a safety pallet, staging, or ladders.
These aids have to be moved about constantly, requiring addi-
tiar.ta lIabcr and time. When the terrminal is erected at an uper-
&ting airfield a more realistic time stud, will be available.

DESCRIPTION OF FRAME STRUCTURWd

The e"tire frame structure is made up af sections which
may easily be handled by one or two men, The basic structure is
tupported by steel plates wihich asre lai on the bare ground. Arches*
in sections, are formed of laminated hardwoods and are bolteJ to-
gether. Accordion type lattice work is slipped into fittings on these
arches forminig an 8' bay supporting the roof covering. The struc-
ture is designed on an 8' module, each arch being 6Z' wide Pnd 16' 10
frosr, the top of the bo&se plate to the peak. The atracture n&y be
Any desired length. The shelter undergoing u•ts rt Baycnne con-
jists of six 8' sections 0? bays, giving 1., ovec-a leentb of 4o .
(Ste Fi83. 1 USA 2).

One completely assembled 8' bay embodies approzimately
S, 800 cubic feet and weighs approAimately 1.950 poemds. The total
shipping weight of a six bay frame is approximately 13,750 pounds.
The structure ,e.b designed for a total load of 12 pounds per square
foot of roof area ^Ad was tested at Z5 pouw.s per square foot, with
no permanent distortion. The weight of the covcring (interior and
exterior blanketv) and end sectuas totais 6. 84A pounds. consisting
of the followings

1 top blanlret 145 lbs. total (6) 870 lbs.
I inerior blanket 88 lbs. total (6) 528 lbs.
I end section 2. 722 lbs. total (Z) 5. 444 lbs

6.84Z lbs. ,

The total weight of structure, covering and end secthoe. is appreo.
imately Z0, 592 pounds.( , 4 .

•|J
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Fig. 1. - Assembled frame structure witbout covering. NSRDF

Neg. No. 275-15.

Ii

:4'

rige Z. - Completely covered structure. Zed section fully opened.

NwDF Neg, m. z16-l.
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Sase Plates and Tensioning of Ground Cables (ries. 3 sind

Sase plates support the arches and are fo rmed of 1/4" steel
pLate. Two plates welded to inges attached to the base plate are
fltt"d with bedt haWes and suppevt the arcbelo.

The eatreme end arches of the structure are placed b'jtweear
the hinged plaits (Fig. 3). The inner arches aie placed on the out-
side of the h"ages and a rectangular wood spacer is placed oetween
the hies (Fig. 4). Two holes are provided on the base plate to per-
mit stakes to be driven through the plate or permit bolts to anchor J
the struttare,

A steel ring ;s also provided on the base plate for attachment j
of a teaskomiag cable which connects to the base plate on the opposite
side ad the strecture. The cable prevents the base plates from mov-
Lug outward and possibly collapsing the structure, A turnbuckle is
provided on the cable for tensioning or slacking and it is also used
to adjust the arch to the correct dimensions.

CircuiAr wooden spacer# (fig.S) ar e inserted 1,4tweea• ad-

Jac€nt bay# &ad bolts ate inserted in holes pro-iidcd in these spacers
and on the arches to tea the bays together. rhe spacers are Z11 wide

nd 30 In ddiazneter. In addition to providing rigidity to the struc-

tre, a Z0 clearance is maintained between adjacent arches.

rI

]r'ig, 3. - Bass plate assembly a end arch. Arch is placed betwee"

biangd stoolplate. ?4SADF Neg. NM. ZTS-9,L Drawimsf parts "ad structare are iscluded is Appendix A.

- - - - - . -- -



Fig. 4. Half bay resting on skid plates. Base plate assembly
with turnbuckle and tensioning cable is also shown* NSRDF Neg.
No. 275-11.

)t.

i rig. S. - Assembly between two bay@. Circular wooden spacer is
, ~shown between arches above purlins. ltectangular wooden spacer
S~is ,•hown between hinged stesl plates on bass plate. NSRDF Neg*SNo. -75-4.



I.
Arches anid Ftith P41talk

The a~stmble4 archets 11rig. 6) are constructed in $si pLzrtsý,threw to each half. The lower arch section, or knee, is bolteA to
the base plate. The center arch segment ard upper arch sege.ont
are bolted together with the use of connector or fish plates. Thetwo halves d the arches are also connected by a fish plate Frig. 73.

Puarlins, Gambellas and Top (Ridge) Beam

Three purlins are provided for each half bay (Fig. 8). The-are constructed of 3 ply laminated hardwood. The cross sectionaldimensions are 2-3/16" x 3-1/Z". Nurlins bolted to the arches are
used as additional stiffeners arnd maintain width dimensions whileinserting gazt beua sectiasOs

The gambella (Fig. 8) is the accordion type lattice work Aconnecting two arches aid lends support to any covering for the
structure. The gainbollas are constructed of 3 ply laminated oakand are placed in the gambella clips in the vertical plane. They
are exceptionally strong and will easily support a 220 pound man.
-'ambella sections ar, providdd in two sises. The smallcr gas-belle sei:tionz conzist of 7 gambellas and are ued on the under-
side oi the arch& The larger sections consist of 14 gjanlas and

ar-e placed on the i;ppar edge c tb4 arch.

Female gambella clips (Fig. 6) are screwed to the Insideof the arches at regular intervals. The male fittings are ham- imered in place, care being taken that the gambeila sections arematched. One top or center beam (Figs. 7 and 8) is provided for
each bay and corresponds to the ridge beam in the common gabledroof. It is constructed of laminated hardwood and the cross sec-
tion dimensions are 1-5/8" 3 0-1/2". JJ, is bolted.o a fishplate
assembly that binds the two half bays together. I

.1
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FIg. 6. 1. Upper arch segment. L Center arch seg-,eU.
3. Lower arch segment (knee). Note female gambella clips at-
ttched to arch segrents. NSRDF Neg. No. 275-10.

Fig. 7. 1 .F h pent

. . . .. • .'.....arch e achssmn {inee}, Note fema leidea lp t
T tche Foir h se atens NRD N ente Noc, 275-0
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Fig. 1. . Purlin. Z. Gam~bella (compressed for shipment).
3. Top (ridgt) beam assemble4L NSRDr Neg. No. ZI5-2.

PAR~TS NU~dSEL1ZNG SYWTZ"

Although nearly aUl parts are interchangeable, personnel
seeing the structure for the first time may be confused. Therefore,
a numbering system is provided for ea-,w of assembly.

The six bay* are lettered A. S. C, D, E and F. Facing the
structure the nearest arch ol the first bay is odd numbered. The
after arch Is even numbered. Numbers start from the left base
plat* (No. 1) and contioiue along the arch. each segment and fish

* ~plate receiving a conssective odd numbe~r until the opposite base
plate is. reached.

The following inbra designate the parts of the first arcbs

Al Left bae" plate.

A3 Left loamsr arch segment.

AS Flah plates connecting left lower arch segment to
Uetz center arch segment.



A7 Center arch segment.

A9 Fish pLate& cennecting left cent(!r arch segment
to leWt upper arch segment.

All Left upper arch segment.

A13 CenteL fLsh plate connecting left and right upper

arch segments.

AIS Right upper arch segment.

T A17 Fish plates connecting right upper arch segment
to right center arch segment.

A19 Right center arch segment.

AZ Fish plates connecting right center arch segment
to right lower arch segment.

A23 Right lower arch segment.

AZ5 Right base plate.

PArts numbered AZ through Az6 form the other arch of the
comp'AeteJ bay. With the exception of the end arches, one base pate
serves two bays. Thus, base plate AZ will ilso show the number
BI as it is the start of the leading arch of the second bay. A26 will
alto be labeled BZS. B2 will also show Cl, and so forth.

STRUCTURE COVERING

The root covering and end blankets are designed for normal
loads and for wind loads of 55 MPH with gusts up to 85 MPH. The
roof covering consists of two separate blankets. Drawings of the
covering are included in Appendix B. They are constructed of
vinyl coated cotton duck conforming to specification MIL-D-107993
and MIL-F-4143. The exterior blanket is olive drab in color and
the interior blanket is light green (nile) in color.

The exterior blanket, as illustrated in Fig. 9. consists of
six sections 821 long and 9 1" wide, each section covering one
complete bay. An additional snow or sod cloth 26" long is pro-
vided at the ends of each section. A storm flap 12" wide is also

provided along oa" edge and overlaps the adjoining sectioA.
I T
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* Fig. 9.- Completely covered six bay structure. A side opening
has been provided by rouliig back the exterior coveringo removing
gambellas and relocAting purliais. NSRDF Neg. No. 216-4.

A 5/16" manilz line is threaded through poc;kets pyov'ided
along the edges o-' each blanket an4 serves as a. drawutr~ing ar-
rangement (or maintaining the proper tenstop, and position of the
blanket on the structure. On the blankets for the first and last
bays the drawstring is eliminated on the -outside edges and re-
placed with grommets. A 5/16" manila line is threaded through J
these grommets and hooks which are provided an the end sections
to hold the blankets down (Fig. 11).

Due to the width of the blankets it was necessary to fasten
* Dee rings about 48" on center along the center line of the underside

of the exterior blanket providing an additional hold down. When the
roof blanket is placed in position, the Dee rings locate between the
gambella assemblies. A manila line is then threaded through the
Dee rings and undez eath the gambella assembly. The roof blanket

* will be held firmly in place during strong winds by this means.

Slots ore provided at the ends of each roof blanket for the
* ransertion of a Z x 4 parlit. These purlins distribute the stre.ses

equally along the width of the blankets and prevent wrinkling.

. .



Straps and double Dee rings are attached to the roof blatnet
o secure the storm flaps. Grvenmets are pLaced 3' apart on the

side seams of sie reo( blanket. A rope is passed through adjacewt
grommmet ho"a a" attached to wooden L. ggles which drop between
the adjacent arches. These toggles are pulled tight, then turned.
bearing against the awning rail.

Tba inLarior lUnkat cra"Ca at six sectiana W Lg n and&
81 Z-1le" wide (Fig. 10). Since no insulatton is pr-wide in Oh roof
blankets, a dead air space is provided by fastening the interior skim

to the underside of the roof structure. This is done by instaling a
btock aluminum extruded awning rail permanently to the lower edge

of each arch. A 3/16" rr.anila lito sewn in each side hem of the Ino
terior skin stiles in the awning rail and forms s& air seal for the
interior of the bay.

DESCRLPTION OF END SECTIO)N

The end 3ections of the structure (Fig. 11) are of rigid con-
struction. All panels (doors and gables) are constructed of 60 pound

kraft honeycomb paper, laminated to 1/4" air cured Douglas fir py-
wood to form I-S/8" thick structural members with a perimeter of
Douglas fir sufficient in width to attach connecting hardware to the

arch structure aad door rails.

The gable ends are constructed in three sections with sb.p
lap joints. The beam side of the gable is fitted with a monorail for

swivel door roliers. The center gable section contains two Is" a
168" screen wire vents with insulated blackout flaps.

The doors are constructed in two 25' sections 10' in height.

Each 2S, section is hinged in 2' 6" ship lap sections, attached ti

swivel rollers at the top and swivel eyes through a cable at the bot-
tom enabling folding to one side. The doors when folded will use a
space of approximately 30.

Wing panels are fitted on the end sections at the lower arch

member or knee. On one side of each end section, the wing panels

are fitted with a personnel door. Above the personnel door is a
transom window fitted with plastic coateri wire mesh. Above the

transom is a heater duct opening. The opposite wing panel is blank

but is fitted with a heater duct opening. These features are re-

peated on the other end of the structure. Heater openings are pro-

vided with covers in the event the openings are not &*eded.

13
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Fig. 10. - Interior view of partially covered structure. One section
of interior blanket has been installed. A secured top blanket is also

shown. Notice how the manila line passets through the Des rings and
under the gambeltas. NSADF Meg. Noe 107-2.

- I

Fig. 11. - End view of structure, accordion doors closed. Toggle
plates can be ***a on alternat ied door sections. These plates
are used to keep doors is Use. MODY Nog. Ne. ZI6-l.

14'
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GUIDE TO ERECTION OF STRUCTURE

The erection of the framne shelter is simple and fast. One

operation easily follows another ff the operations are done in so-
quence and properly.

A logical division of personnel into crews would be2

2- Bolting purlins and installing gamrbellas - 4 mem

3. Installation of wooden spacers and bolting center
fish plates aloft m 2 men

The insLrmcLtem" give each operation complete itnLs proper order&
kt is imot always necessary, however, to finish any one operation

before the nzxt one is begun. Much time can be saved by having
the cre-vs working on their respective portions of the work simul-

taneously; for example, the arch crew can be assembling arches
(rig. IZ) while another crew is installing gambellas and perlins
(Fig. 13). The entire crew shJuld be available for raising the

arches. Once the arches are raised, the tensioning cables secured.

and a few spacers Installed. the crews can go to their respective

tAsks.

'-,..- o

1!
taw Af.-

. r Fig. 12. - Assembling arches on ground. Arches are placed oe

2 x 40s in order to facilitate boltingifisb plates. NIAtDF Neg. No&

I1 275-a.l "1 .
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rig. 13. - Crew install•in gambellas. NSRDF Neg. No* 275-3*

installation of gsrnbellas to made easier if'the followingI n-

structions are followecd1

!1. Two 2en Aould be stationed at each end of the Sam-

i ~bell& and stretch the c•ollapsed memnier (Fig. }

It 2L During positioning only Z or 3 slats should be
' stretc"-sed, the rest should remain in a collapsed position (rig. 13).

S~3. Two men should position and hamme4r the gambelia

fittings into place. A rawhide h~nrner is used to prevent damageto the wood (Fig* 13).

4. C f additional width is required to sot the N ambello

Spins, the gsmbelJla should be compressed. conversely, when the I
gumbolla is too wide the assembly shomld be expanded (Ftigoo 14

belsad iStrthte).asd nr~r(i.'

and 15) . S. T he u nin s hrted po rtio nas of th e aam be 1be unit should

te the arch to prevent Jamming (Fig 13)o

6. AU the lower i ombeUa units should be installed

first.

S16



As the team learns to work together. installation of the
gambellas is speeded up. The stretchers have to coordinate their
actia wi" tUe psaitionwrip. In some case*. installation o gain-
beilas is difficult because the bays are too narrow or too wide.
Figs. 14 and 15 illustrate how to correct this condition. IU is
most importint to get off to a proper start by correcUt7 aligning
the height and width of the firzt bay. Otherwise, as the second
and sucesedinto bays are added. the errors are magnified.

tach half bay, complete with purlins and gambellaso
weigi s about 1,000 pounds. Complete assembled arch members
are e taily moved by two ren. Three or four men are required to
stand up an arch prior to installing purlins. (See Fig. 16). The
,butt end of i complete half bay may be lifted by four men onto sup-

ports in order that jacks may be inserted und rneath the arches or
prLins. (See fig. 17). The structure is so designed that no
heavy construction equipment is required for erection. Two ex-
trnion jacks (Fig. 18) are supplied with the structure for erection
in the event motorized equipment in not available. Operating in-
structions ire attached to the jacks so that they cannot he mislaid.

After the arches are assembled and the gambelLas inserted,
the arches are lifted and the jacks positioned under the arch and
angled slightly toward the center of the strjcture (Fig. 18). When
the arches are raised, the jacks will be vertical. Spacers are in-
stalled to secure the haiV lay "u the adjacent bay. The other half
bay Is tben raised and the tw. half bays are bolted together at the
ridge. At this time, it is imporgant to sect.re the ground cable to
prt vtent the arches from sagging or collapsing.

The bays are aligned and the remaining spacers then in-
stalled securing two adjacent bays together. The jacks may be
used to raise or lower the 4,rch members in order to line up the
spacer bolt holes.

Fig. 19 illustrates the danger of an improperly secured
ground cable. Two men were installing the last bolt on the outside
edge of the arch. The weight of the two men caused the base plates
to move out of line resulting I& damage to the structure and almost

causing injury to personnel.

Time and labor saving devices in the form of mechanisod
equipment can be used to good advantage in the erection of thip
structure. A fork truck with a safety pallet will enable the men to
work aloft without the necessity of moving high ladders or erecting
and moving staging (Fig. ZO).
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rig, 14. - Expanding gambellas to decrease width. When bays are
too narrow, pull slats apart to shorten gambelia length. NSRDF

-' NegO. No. 375-60

. N,

rig. 15. - Compressing gambelles to increase width. Who bays
are too wideo compress slats to give greater wdthe NWDI* Neg.
No, 375-7.

€a
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Fig. 16. - Crew installing purlins. NSRDF Neg. No. 27S-17.

rig. 17. - MA1f bay being raised by out Jack. Jack is angled toward

center of structure so that when the bay reaches the designed height.
ja, k is vertical. Two men are ho'ding guy lines. Lrnprovised stag-
Jag can be farmed by •using woed pallets. WSRDr Neg. No. ZS-IL.

[a,,
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Fig. 18. -Extension Jack* being used to raise two half bays at
once. Skid plate*s (Fig. 4) are placed under nine half bay and the
other half is anchored on base plates. NSKDF Neg. No. 93-9.

* - -L A. * L

rig. it, - partially collapsed and damaged arch ame to uaa~cured
gromod cable, mwwr ru Moo.N 97-4.
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Fig. 20. - Fork truck and, iaety palls; bet i used to assist erec-
tion. NSRDF Neg. Noo 175-54

21 a cra" could be utilized In the raising of the bays (Fig.
21); or if the mechanized equipment is not available, wood staging,
""A" frames. gin poles and other similar alternate equipment may

be used (Fig. Z2).,

Material such as lumber for staging, concrete forms* etc*,
is not furnished with the structure. In most cases, this material
is easily obtained from local sources. Specific problems encoun-
tared during construction may be solved in the field where all con-
ditions are knowno The easiest method of erection should be readily
apparent when mechanized equipment is made availabl*e

Drift pins and structural wrenches are used to line up bolt
holes, The use of these pins prevents damage to the bolt threads

and, is addition, prevents driving the steel inserts out of the lower

arch segments.

(.!3
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Fig. Z1. - Raising structure by means of crane* NSRDr Neg, No.
Z75-16.

*~4w

Fig. 22. -Gin. polo* being used for orection. "A"m frames may also
be used as as. alternative, NSRDF Neg. Noe 375.14.
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TABLE I. TOOLS REQUIRED FOR ERECTION OF STRUCTURE

Quantity 
Navy Stock oi.

1-I181" structural wreowhas G41-W-J40a

4 314w z 13116a open end wreathes G4I-W1012z
4 9116" x 5#8" open end wrenches G41-W-1005

8" adjustable open end wrenches G41-W-486-5
(heavy duty)

P Crowbar 1-1/81V 59-6Z" wedge poin G41- -196

GOfset pinch bars - 7/8' x 30" G41-b-282

2 Screwdrivers - 5/16" x .042 tip G41--110i

I Double face sledge 10 tbs. G41-S-3726

4 ftawhive hamm'ers Z-1/4 lbs. 1-3!4" G4-1-H-4Tz..1?5
facg

4 Drift pina 1/# A 7" G4I-P-S03

Z 314" backLus out bammers 041-P-2989-506

I Line level G41-L-!170

1 100t tape measure G41-T-184

: 3
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ERECTION PROCEDURE

Raising Flrtt

1. The site odf the structure should be fairly level and free
of noticeable irregularities of terrain. A line level, supplied wih
the structuare, will be belplul •n detervaizniig levels.

2. Lay out corner • dplo tP Sv 6z-IP. The arch wilf
span a 6-1/2,' witth.

3. a. Lay out odd numbered "A" arch members oan the
ground.

b. Bolt A3. A. and All with fish plates AS and Ail-

4. a. Lay out even numbered arch members "Am on the
ground.

b. bolt A4, A9 and A1Z with fish plates A6 and Ale.

s. a0 Place base plate Al at left front corner of pl..

b. Have 3/40 x 2-3/4" bolts ready at base plate.

c. Raise half arch "As and place between hinges an
plate.

d. Place one bolt in hole nearest inside of structure

and secure loosely. One or two men are required to bold arch
erect*

6. a. Set base plate AZ - B! approximately V away on a
line toward the left rear corner of the structure.

b. Stasd up binges on bass plate and placswerides

spacers (ND in drawings) between them.

C. Have 3/4s x 6- bolts ready at base plate.

d. Stand up half odd numbered arch "An and place ont-
side of hinge on Al side of plate.

e. Place om bolt through arch and hole nearest Inasde
of structure through kinges and wood spacer and secure loosely.

241
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r7. Whl Uo~ arhsare 1Se4 erect, wooden imr)Iuaa w

b Y.* to stalf arch bes "Amyn (sern toge~ther o rer

S0. Bolt top, or idg em oA and AZ3IcZget w~it fish plates
A13 and A14.Onyblloehoean lozcnebemstoi

10. Bolt A13, All and A23 ar-ch segments with fiel: plates
All and A.ZI

it. Lolate bA16, phie and rais arch semet winh finshlteston

* 13. Locate base plate AZS and raise arch as in instruction S.

14. Bolt on the two purlins on the lower arch members.

IS. tnatall all gambellas except on the upper arch segment
and secure gambellas with web straps.

16. Raise loft arch to a sufficient height to enable settiag
one Jack a%6 rtisG to 109. Gay lines avt used to keep the arcia from

* swivgtug.

17. Install purlin and 11ambwIllsaon upper arch mernbers of
right arch.

* 18. a. Raise both arches together to height 16' 1" from
base p~ats to center fish plate.

b. When outside holes on barse plates match holes in
archess plac* bolt# and, asecre.

ce Place bolts in empty holes in center fish plate anM
seenlre.

* d. Connect tensioning or ground cables to bast plates
and ti 3 beon turnbuckle until heels of arches are 6Z4 apart and peak
is 160 1" above base plate*

a. Drive st~ak thtugh bass plate.



Erection of Additional Days

The assembly an4 erection at add"iinat bays follow& closely
the instructions outlined for erection of the first bay. The arch
members of succeed rg bays are numbered in the same manmer, biT
Uettered to identify each bay. In addition, all numbered parts are

inirchangeah• e ie•e.. Al may be substituted with BI or DI, eu.

When erecting the structure the left side in anchored and
the right bay is moved into position on the base plates by raising
the arch. A s"id plate. corsisting of a flat piece of heavy gauge
metal or plywood, is used as a slide to keep the heel of the arches
from digging into the ground and facilitate the movement of the
right half of the bav (ig. 41.

As soon as the second bay is in position, the circular wooden
spacers are instal.ed. These tie the adjacent arches together. Jacks

' pry bars are used to align the holes. Note: It is importznt that
the ridge height and distance between the base plates 4tre orovote.&I

Considerable difficulty will be encountered in bolting the cerner fis(
piAted and wvooden spacers if tbis ir not done.

COVERING THE STRUCTURE

Each bay is covered by one continuous exterior blank•et The
cover is spread over the bay with the center seam over the ridge
member. The edges of the blanket are tucked between the arches
and the drawstrings pvied taut and secured at the base of the arch.
On the end arches, grommets are used to lace thl blanket to h'oeo
provided on the arch members.

The covering for the adjacent bay Is sprsan and seac-re4 by
tucking between the arch as above. The storm flap of the first arch
is then placed over the adjoining blanket and secured in the same
manner. The edge of storm flaps should face away from prevailing

winds. Ropes are placed thtough grommets provides on the edge
of the blanket and secured to a toggle which fits under the adJoininrg

arches.

The interior blanket is secured by sliding the edge into the
aluminum awning rail. The best method of securing the inner biasn -
ket is by removing the awning rail from one arch and feeding the
canvas on the other side. The canvas that is left hagag" is the&

II I'II I I I I fIIlIlII
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ef. roto the rails; alter which, the rails are screwed into the under-
side of the arch.

TIe and sections. as designed. require a study of the work-
lig drawings. The gable sections are installed first; alter which.

the doors art bums.

AD"ATAT MQU SUJGGESTIO•S

Additional height and cube may be obtained by placing th4
base plates on raised cement piles (Fiu,, Z31. If these piles are
used. the tensioning cables may be elmiriated. The piles must be
of iulfficient depth in the ground to offset the outward thiust of the

struw lure. Additional canvas or other covering will be required to
cover the distance betweext the base plate and grade. For conditions

where it i& desirable or necessary to raise the floor of the building

above groind, a wooden platform may be built. The platform may
also serve as a loading dock. The base piates can be bolted to the

wooden Platform and the building erected as previously outlined.
A joist under each arch can be made to counteract the thrust. The

building must be adequately braced against the wind. Lumber sixes
and footing dimensions depend upon the load conditlonz and should

be determined in the field.

Chain hoistis or block and tackle may be suspended from the
zrches if the jacks, *upplied with the structure, are used ar l0:1y

columns uoderneatb the point of stress.

Doorways may be cut into the side of the structure if do-
sired. The maximum opening will be the 81 width of the bay. Do-

pending on the required doorway height, sorne ganibellas would
have to be removed. The purlins would have to bR moved upward

to serve as lintels and to maintain rigidity (Figs. Z4 and ZS).

Corrugated aluminum roofing and siding may be used in
lieu of the canvas covering. The corrugated shoets are available

in a 35" width and $16" or 91 long. This is enough to *pan one

arch allowing for overlapping of sheets. A re-Jesign may be nec-
essary, which would call for placing of the rambella receptacles
at ti.# upper edge of the arch to allow the corrugated sheets to
rest directly on the rambellas.

The corrugations on the aluminum sheet run lengthwise.

A flat sheet may be bent over the curved portions of the arch elimi-
mating the necessity W1 supplying special pre-formed sheets.ii

J3
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Fig. Z3. - Structure raised on cemr," piles. 4SRDF SIep m4e. Z1S-I30

- -- K I.

f ig. Z4. - aide entry showing suUiIcie- behiht to permit p&66&0e 0d

* fork truck, NSaDN Net, No. Z16-sa
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Frig. Zs. - •ide entry showing (1) Substitution of lower Sg&Sntella
uimt for upper unit; (?) removal of purlins to height parallel to
lowest amwblla. A permanent doorway may be constructed frore

locally avaaiable lurnber. NSRDF Nelg. No, Z.1-fa.

Tim structure, lest the and sect•tns, rsquires aporaid-.
mately 4,00 ksj ft. A cyv-ri.n,, n•owing 16% fgo o1r0lcp+ One

sheet of .024 corrugated 4S alur•iuu'n 836" x 35' 35 cigh 10.Z6 lbs.

The top covs rings the refore, would weigh abott I. 8$50 tbs. and

can be skipped on one skid. the aluminun occupying a apAceu less

than 6- high.

At $0. 19 per square foot, the total cost for 4.600 sq. ft.

of alamiaeni Is approximately $874.00. Labor to apply the cover-

Iag. stimated at $0. 10 pet sq. ft* is $460.00.

Corrugated fiberglas panels are suggested for use as trans.

lucent skylights where dayligkh. working areas are advantageous.

These panels may be procureo AIn the sarrie sises as corrugated
aluniaum; thus, transluceat panels may be substituted for any

part of the stracturee

Adv&anugs and disadvantages of aluminum covering, as
compared to caevas. are listed below.

39
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Advantages

i. Aluminum sveeat, omcw applied. roquto little or 0

nantenunance. Canvas will require adjustments from timse t toime
(we io stre .-tý tCh-uld the structure be required (Or & 1Mg POrJ
of time, aluminum would be the better covering die Is U1s Z--L'

Z. The shipping cube of the aluminum sheets is eNMOI
one-fifth that of canvas.

3, The aluminum sheets are less liable to ptacture 4r dai-
age.

Disadvanta es

le The shipping weight of aluminum is approximately i98S
lbs. as copa -ed to 570 lbs. for canvas.

Z. Time involved covering the structure is the field is Much
longer. An aluminum covering has not bees applied aind nO tie
studies are available. It is assumed that nailing of Ocrewin'g tib
aluminum sheets to the structure will require conaslerably mere
time than the pro-fitted canvas covering.

3. The cost of aluminum may be greater than cavn... Al-
though the first caavas cover cost $9, S50.000 as againgt $8i00
for aluminum, the cost of the canvas includes the OVA sectioNS MW4
the L-Aerlor blanket. The cost of most of the laboer Wvov4d i aceý-
ering the structure is already figured La the maad"IuVGifrn cost 4d
the canvas blanket. The labor cost of applying aluminum must be

added to arrive at a comparable figure. In additioae the cost Od
the canvas blanket will be lower in production. Degore procur-
ment, it is suggested that the costs of canvas verevs aundim be
closely studied.

INSULATION

The practicability of the interior blanket boo met bees eeGdo
on this structure* A report "Fuel Savings RoesltiagI from it OWee
of Liners in Tents" Contract Ne. DA44-01"-GU Z8, completed by
the University of Louisville Institute of Industrial Research for the
Quartermaster General, advocates the awe of uasrs Ia erder to
save fuel. The structure beilag evaluated by this Io"UMNy. b r.

( 3.
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has a greater cube and the distance between the inner and outer

blankets is greates. in addiftem, the spaces between adjacent
arees aea mot sealeod. A is recommended that the pracmtab"lity

of the inner i iies b.* ta•sd.

Batt or rigid type insulation fray be inserted between the

gmhbeLla &ad the outer skix. The main disadvauage ad this type
of I n is its I"&e cukic measuerezmen

Accordion aluminum blanket insulation is avaitable in 24w

widths. Four of these lengths could be stapled together to completa

the 86 width. It is available in continuous lengths 500 to 750 ft. long.
One type consists of 3 layers of aluminum foil with 2 fiber separators.

One thousand square feet of insulation weigh* 95 lbs. and packs into

6 cu. f. This insulation is available with flame, mold, and vermin
resistant fiber. One supplier. ndra L.sulationt. Inc., New York City.

lists this type of insulation at $68,00 per M sq. It.

If a need for insulation is indicated, it is recommended that
this type of insulation be evaluated due to its advantages in cube an&
weigM.

SUGGESTED CHANGES IN FRAME DESIGN

1. The butt etds of each hall airch should be rede.igned so

tha the center fish plate may be Lolhcd cm the SrotnJ ani both arcias
may be raised together. Oue suggestioa would be * wedq* that •o•' d
slip into place after the arches arw ralse4ý Tht wedge weuld &.l.

help prevent the archeN from sagging, This iagging to very '-rIpar-

tant for alignment and is especially critical on the outside arc'hes.
as the doors at the center of the structure do not bang plumb. I&
addition, the doors hang lower wn cause trouble when opening or

closing. The use of wedges should also be considered in the inter-
modiste arch sections to prevent sagging.

A. The drilled holes for spacers did not always line up. The
width of the arch members varies and alignment is sometimes di-
ficulto Arches should be laid out in a jig and all holes pisecsios

derled.

3. The lower Sambellas should be eliminated and purlins

subsetituted. Under most conditions the LUssertion of the lower Sam-
belt& is difficult. U the same strength can be achieved, purlime
weedd be more desirable from an erectioe stasndpoinit.
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4. Only American standard nuts and bolts are to be used.
Upon erection, it was found that bead siss of nuts and bolts dA aet"
miatcizi the snectal.taig the a" of may *erene sia* wrenches*

5. The tolerance of the bolt holes in the center fish plates Ishould be increased slightly, as alignment is difficulto

6a The placement at gambella fittings should be determined.
N the intetier Wiale iLo deemed morcssary. the gumbella tfitiag
should be moved close to the upper edge of the arch. A better bear-
ing surface for the roof covering is achieved by placing the gam-
bellas flush with the upper edge of the arch. If the interior blanket
is eliminated and rigid or blanket insulation substituted, the space I
would be required between the gambellas and the roof covering.

SUGGESTED CHANGES IN COVER AND END SECTION DESIGN J

The exterior blanket, as designed, requires improvements
before it is acceptable. Appendix C contains revised drawings of
the exterior blanket incorporating changes as described belows

1. The drawstrings provided in the exterior blanket are
of little value because of the long span from the ridge to the knee.
Force exerted on the drawstring is not enough to keep the edges of
the blankets between th* archs. One solutio, to the problem was
to place grommet. .1ng, the cdgev of the blankets. A rope is se-
cured to a toggle ar&d passed through these grommets ana tied to the
toggle vwith a clove hitch. The togglk will then be snubbed underneath
the arches. Tension on the exterior blanket can be maintained by
periodic retightening of the toggle assembly* I

Z. The drawstrings on the storm flaps lack the ability
to keep the storm flaps in place. This condition was corrected by
providing straps on the flap and buckles on the adjacent blanket.

3. The exterior blanket, as originally designed and sup-
plied, was too narrow to span the edges of the arch members. Cor-
rections have been made on the drawings allowing 6" more on'tbe
width of the blanket so that it may be secured between the arches.

4. All stitching on the canvas covering must be lock
stitch. During hurricane "Hazel*. in October 194% some stitching i
gave way causing the exterior blanket to rip almost its satire length.
The force of the wind caused additional tearing sue to severe flapping
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""( t0' ripped seams. Upon inspection, it was found that some *eame
oa tb&h bLanket were ba stitzhed a natd edof sewing which opens
easily by pulUing the thread on this bottom surface.

Another method oa preventing lengthwise rips is to sew
bands across the width of the blanket at the location of the rings and
straps. These strips can bhz used for backing instead of small aprons
91 canv•as at small additinmL cose.

Interior Blanket

1. The interior blanket or tent liner does not completely
"seal the structure. The Z" space between adjacent arches is not

sealed. There is a gap at the peak where no seal is effected. In
SA44itoY, tI" are not long eughb and a spa.e is left betwe.n th•e
bottom of the blanket and ground level.

2. Installation of the liner was difficult and time consuming.
It was difficult to draw th, blanket through the awning rail due to
friction. The rail ha4 to be removed from the arch. attached to the
blanket, and then refastened to the arch.

3. The awning rail was susceptipl~e to dentti ai"d &.ded to
the !riction during installation. When remnoving the inner branket
during dismantling, most cl the awnuing rail was darn.,ed beyond
economical repair. Additlortal awring ra.il wouuLd have to bi s~applles
each time the structure is Snoved.

If a liner proves practicable, it is suggested that another
meth•d of insulating the structure be designed to completely seal the
structure and ease the difficulty in installation.

End Sections

The end sections, as designed, have many disadvantages, and
it is suggested that they be completely redesigned. The objections

reo as follvwos

1. The 1/4" plywcood facings, and the structural mem-
aers with their connecting hardware, make the panels too heavy for

the intended use as an air-transportable structure. Although the
sections will fit within an air frame, they are heavy and unwieldy.

I
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Z. The weight of the door pawels appears toe great on I
a spa* o 620. causing the c qrs to hang lower thaA 6ee
oclte,, thus d*rgging the t

3. The accordion t pe doors require toggle pla t
(rig. 11). which fit over the reverse side of the h"ned folds, o
beerp thes ts a straight line. If these plates were n added, Ii
mId be aLm4st impoasihl to keep the dOrs &Zti&U wkCa CASedA.

These added plate. require hrre to bolt to place and reduce de fl-

ciency of thi structure. I
4. The doors, when folded, (Figs. 26 and 27) occupy

usable warehouse spzce. The swivels shwdd be moved from the i
center of the door panels to the edges so tkat the folded doors will
remain outAe; the strutuare. ThI" ibpr*Xemen" Is suggatod a
the dccordion rype door i* to be procureds.

The main disadvantages are the weight mad sinO ad
the component parts, (approximately 550 Ibs.)o It is recommeadedI
that some other design and materials be used. An adequately de-
signed basic frame covered with canvas, alurninums or pLywuo eAt

one face, would considerably reduce the weight.

S. Due to the inadequate design of the ead sectioms, it
i6 recommended that un Army designed c&avas end sectios (rig. 26,U
be procured and then evaluated at the neat test sit&. Discussiso
with Army project engineers evaluating the Army structure iAiA-

cated that no difficulties ware encountered in operating the esd sec-
%ions during field tests. An evaluation report has bees prepared o*
this structure, QMRT QI4BT 53123 Test. Hangar, MaLntenasce.

Army Aircraft TSZ-I. -Z by Headquarters. Quartermaster Re- I
search and Development Field Evaluation Agency, Fort Lee. Virginia.

This structure is primarily an aircraft hagar and* therefore, she

end sections are raised in one piece. A cerrplete end openlag is not I
required for air cargo purposes and it is suggested that the ead
openings be divided into 10 or IS ft. vertical flaps to permit possage
of rm.obile materials handling equipment. This could be accompUished I
by the use of heavy duty sipperse

I
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rig. 26. - Accordion type doors partially open. Toggle plates hive

I loosened to permit folding back of doors. NSRDF Neg* No. Z16-7.

IJ

'B[
I!

I tjjLL +•m
I

]rig. 7. - Accordion type doors folded to provide weximwn open-

ing s u,•t sias. NSRDF Neg. No. 216-6.
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Fig. z8. - Tent, frame type, maintenance, Army Pircraft. TSZ -Z.
showing aircraft door open. U.- S. Army CIUC Print No. 3147-19.
NSRDF Neg. No. 314-1.

COST BREAKDOWN - TEMPOILAXT AM CAIGO TIRMmAL ,

Cost of frame (6 repeating 80 bays) $ 9. 16Z. of

Cost of canvas covering including
outer and inner blanket and end

sections

1. Devulopment and desiga $4, 242.0

Z. Manufacturing costs) .S50. 35 13 79Z.3S

$ZZ. 934. 35

(2) It is to be noted that the manufacturing costs included here per-
tain to the prototype. The cost ol any futare units) will be reduced

by a considerable amount.

I
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CONCLUSIONS

l. The frame structure, as designed, my be transported
by air to remote locations and erected by unskilled Labot without
the use of heavy construction equipment.

4. The erA sections require complete redesign due to diufl-
cuLty ia closing and high weight characteristlcs.

3, The canvas cover, (both external and irternal biankets)
as designed, requires minor modifications to seal the structure and
resist high winds and weather.

RECOMMENDATIONS

The following recommendations are mnde:

I. That nc.w end sections be designed to provide max-
imum flexibility, lightness and portability consistent with strength
and ease of erection; or, that an Army designed canvas end section
be procured and evaluated&

2. That the method of securing the canvas covering
(external and internal) be modified to resist high winds and weather,

3. That an operational evaluation of the setucture b*
made to determine door and/or side openind arrangements which
best suit the peculiar needs of an air cargo terminal.

4. An operational evaluation be made of tI.e structure
at an operating airfield in order to determine effectiveness of lay-
out and cube of a six bay assembly*

S. An evaluation be made of various methods of cover-
ing the structure (corrugated aluminum, cocooning, etc.). The
study is to involve comparisons as to cost, labor, time, durability,
weight and cube.

'6. That the butt ends of the arch be redesigned in order
that both halves of the arch may be Joined on the ground and raised

together, and that ferrules be placed on the ends of arch sections to
prevent splitting.

?. That the insulation value of the inner blanket be deter-'
mined and alternate means of insulating the structure be investigated,

3?
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S. That the inner blanket or liner be redesigned to seal
of the spaces tbetwees the ba•y* &a arowbd the base plates. andJ an
easier metito of instaltotiou be deterodmM.

9. That all bolts be cadmium plated.
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